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Abstract - Remote sensing data and methods are widely deployed in order to contribute 
to the assessment of numerous components of earthquake risk. While for earthquake 
hazard related investigations the use of remotely sensed data is an established 
methodological element with a long research tradition, earthquake vulnerability 
centered assessments incorporating remote sensing data are increasing primarily in 
recent years. This goes along with a changing perspective of the scientific community 
which considers the assessment of vulnerability and its constituent elements as a pivotal 
part of a comprehensive risk analysis. Thereby, the availability of new sensors systems 
enables an appreciable share of remote sensing first. In this manner, a survey of the 
interdisciplinary conceptual literature dealing with the scientific perception of risk, 
hazard and vulnerability reveals the demand for a comprehensive description of 
earthquake hazards as well as an assessment of the present and future conditions of the 
elements exposed. A review of earthquake related remote sensing literature, realized 
both in a qualitative and quantitative manner, shows the already existing and published 
manifold capabilities of remote sensing contributing to assess earthquake risk. These 
include earthquake hazard related analysis such as detection and measurement of 
lineaments and surface deformations in pre- and post-event applications. Furthermore, 
pre-event seismic vulnerability centered assessment of the built and natural 
environment and damage assessments for post-event applications are presented. Based 
on the review and the discussion of current scientific foci and research projects first 
steps towards a roadmap for remote sensing is drawn, explicitly taking scientific, 
technical, multi- and transdisciplinary as well as political perspectives into account, 
which is intended to open possible future research activities.  
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1 Introduction 
 
According to official estimates the magnitude 7.0 earthquake in Haiti in 2010 killed 316,000 
people, 300,000 were injured and 1.3 million people were displaced, 97,294 houses were 
destroyed and further 188,383 damaged (USGS 2011). Other prominent examples of the last 
decennium are the earthquakes in Eastern Sichuan in China in 2008 (87,587 casualties), in 
Pakistan in 2005 (86,000 casualties) or in Bam in Iran in 2003 (30,000 casualties). These 
immense figures emphasise the devastating impact of earthquakes, especially in countries that 
are not prepared for such an event. In 2008 e.g. the NatCatSERVICE of the Munich Re’s 
database on natural hazards documented 750 loss events, with only 12 % from earthquakes 
(Munich Re Group 2011). However, in the same year 43 % of all fatalities and 43 % overall 
economic losses around the globe were caused by earthquakes.      
In general, urban populations are expected to be killed by earthquakes in the foreseeable 
future in greater numbers than in the documented past (Bilham 2009). Many hot spots for 
devastating future earthquakes are known and well documented (Dilley et al. 2005). For 
instance the mega city Istanbul, Turkey, with its estimated 15 million inhabitants is threatened 
by a 30-70% probability of a major earthquake (Mw > 7), in the next 30 years (Parsons 2004).  
However, “the international community’s response to disasters has been mostly reactive, with 
only limited budget invested in prevention. (. . . ) Even if there were a willingness to invest in 
prevention, the question would be: where?” (Peduzzi 2006: 171). 
 
Prior to this question, the concept of risk itself is subject to a vibrant debate within the 
scientific community, which constitutes an alteration of the perception of risk. While hazard-
oriented research strategies dominated the past (Lewis 1999; Zhang et al. 2002), more 
integrative approaches to assess risk and its components, incorporating also human, societal 
and cultural factors, are in the focus of the scientific community nowadays (Turner et al. 
2003; Pelling 2003; Cardonna 2004; Adger 2006; Birkmann 2006b; Thywissen 2006; Mercer 
et al. 2007; Fuchs 2009). This shift is based on the realization that natural hazards do not have 
an intrinsic dangerous character itself (Cannon 1994; Wisner 2007), but become disastrous if 
an unfavourable combination of several parameters comes together. In this regard, natural 
disasters are perceived as “un-natural” (O'Keefe et al. 1976; WB/UN 2010), not solely 
triggered by natural events but also connected to social, economic, ecological, social and 
political aspects (Burton et al. 1993; Blaikie et al. 1994; Alexander 2002; Schneiderbauer & 
Ehrlich 2004; Smith & Petley 2009). Therefore, disasters can be viewed as a consequence of a 
complex reciprocity between potentially damaging physical events such as earthquakes, 
tsunamis, droughts, floods, storms etc. and the vulnerability of the built and natural 
environment, society, and economy, which are preconditioned by human behaviour 
(Birkmann 2006b) and often constitute and manifest development problems (UN 1994; 
Yodmani 2001; Alcantara-Ayala 2002; Guinau et al. 2005; Schneiderbauer & Ehrlich 2006). 
To consider these framing conditions for disaster management and develop strategies to 
reduce disaster risk, several integrative research concepts have been designed and postulated 
(e.g. Cutter 1996; Turner et al. 2003; Wisner et al. 2003; Bogardi & Birkmann 2004). Still, 
there is a lack within the scientific community concerning common ontologies and definitions 
(Hufschmidt 2011) especially about terms like ‘risk’ and ‘vulnerability’ (Timmermann 1981; 
Cutter 2003; Thywissen 2006). This is mainly due to an inflationary usage of those terms 
within several research contexts and scientific disciplines (Cutter 1996) and the need to work 
in the context of different social and environmental conditions (Hufschmidt 2011).  
In order to be able to categorize and discuss the role of remote sensing against this framing 
background of risk, this article gives a multidisciplinary overview of concepts and definitions 
and the associated theoretical assumptions and implications first. 
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Despite this divergence about basic terminological questions there is an increasing 
convergence about the need for robust and reliable indicators and methods to identify and 
assess risk and its components and utilize that information to reduce disaster risk (Kasperson 
et al. 2005; Villagrán De Léon 2006; Birkmann 2006b; Peduzzi et al. 2009; Heltberg et al. 
2009). It has been stated numerous times, that one of the most difficult issues in assessing risk 
is the gathering of appropriate data (Birkmann 2006a; Ehrlich & Zeug 2008; Ehrlich et al. 
2010), In this manner, remote sensing is perceived as promising tool for an economical, up-to 
date and area-wide information collection in general (Dech 1997; Paylor II et al. 2005; 
Mueller et al. 2006; French & Muthukumar 2006; Chiroiu et al. 2006; Esch et al. 2009; Joyce 
et al. 2009a; Guo 2010). In particular, previous studies demonstrated that remote sensing is 
able to tackle certain aspects of earthquake risk. These reach from hazard related analyses 
(e.g. Fu et al. 2004; Stramondo et al. 2005; Philip 2010) to vulnerability centered assessments 
(e.g. Taubenböck et al. 2008, 2009a; Ehrlich et al. 2010; Deichmann et al. 2011).  
Thus, the second research target of this article is to identify and discuss these potentials, and 
at the same time show limitations of remote sensing contributing to assess earthquake risk. 
 
From a temporal perspective, remote sensing contributions to assess earthquake risk have a 
long research tradition. Remote sensing imagery is already used for hazard related 
applications since the advent of satellite systems and sensors four decades ago (Tronin 2010). 
However, especially for vulnerability related analysis remote sensing is a less established 
methodological element (Nassel & Voigt 2006) and is perceived increasingly only in recent 
years as a valuable source of information (Deichmann et al. 2011).  
In order to disclose such developments and identify general trends, a quantitative analysis of 
the literature is performed reaching from 2011 back to 1991, which is completed by 
presenting actual research foci and initiatives in Sect. 4.  
 
Finally, based on the previous chapters as well as on experiences in projects, advisory 
boards, at conferences and interviews with experts a synthesis is given in Sect. 5, which 
addresses explicitly scientific, technical, multi- and transdisciplinary and political 
perspectives in order to propose possible future research. 
 
The structure of this paper is visualized in Fig. 1, which shows the aggregated content of the 
respective sections. 
 
 
Fig. 1 Structure and content of the paper 
 
2 Conceptualization of risk  
 
From a very general perspective, risk can be described as probability to suffer loss, damage 
and negative consequences (Burby 1991; Brooks 2003), referred to a present or specified 
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future time period (Lafond & Gosselin 1994; Coburn et al. 1994). Projected to the context of 
disaster and risk management the probability of harmful consequences or expected losses is 
explicitly linked to the influence of a particular hazard for a given area (Downing et al. 2001) 
to a given element at danger or peril (Schneiderbauer & Ehrlich 2006). However, risk cannot 
solely be characterized as a function of a hazard, describing the possibility of physical harm, 
since elements exposed to a certain hazard can react differently in order of their degree of 
vulnerability, or resilience respectively, if understood as antonym of vulnerability (Adger et 
al. 2005), and therefore modify the realisation of risk (Cannon 1993; Chapman 2001; 
Schneiderbauer & Ehrlich 2004; Samuels et al. 2009). In this manner, the risk for a particular 
system (e.g. city) can be described on the basis of two distinctive factors: (i) A potentially 
damaging event, phenomenon or human activity, which is constituted by likelihood of 
occurrence, intensity, frequency and location and (ii) the vulnerability, which characterizes 
the degree of susceptibility of the element exposed to that particular source and therefore 
manifest the relationship of the degree of exposure and the degree of damage (UN/ISDR 
2004). This conceptual superstructure of risk is very prevalent within the scientific 
community (Wisner et al. 2003; Birkmann 2007), deployed in various theoretical and 
conceptual approaches and applications (e.g. Blaikie et al. 1994; Garatwa and Bollin 2002;  
Bollin 2003;  Rashed and Weeks 2003;  Sarewitz et al. 2003; UN/ISDR 2004; Taubenböck et 
al. 2008; Müller et al. 2011). Birkmann (2006b, 2007) reveals that the hazard event is 
primarily perceived as an external factor (see also van Dillen 2004), while the term 
vulnerability describes the intrinsic characteristics of a system (Bohle 2001). However, there 
are several definitions that adapt this separation of hazard and vulnerability, but divide the 
vulnerability part in further subcomponents (White et al. 2005; Villagrán De Léon 2006). A 
definition which is exhaustively used by the earthquake disaster risk community denotes 
elements at risk, which are understood as objects potentially adversely affected such as 
people, properties, infrastructure or economic activities, as autonomous component (UNDRO 
1979; Crichton 1999; Granger 2003; Masure 2003; Schneiderbauer & Ehrlich 2004; Peduzzi 
et al. 2005; Sinadinovski et al. 2005; Dilley et al. 2005; UNDP/ERRRP 2009; Ehrlich et al. 
2010; Deichmann et al. 2011). Thereby, the calculation of potential losses within frameworks 
of earthquake risk models such as HAZUS (FEMA 2010), OpenQuake (GEM 2011) or 
RiskScape (RiskScape 2012) is carried out by combining determined hazard parameters, 
quantified and characterized exposed elements and their assessed vulnerability. However, 
there are also definitions which put vulnerability in a less broader context and therefore 
explicitly address within the risk definition components like e.g. resilience (Thywissen 2006), 
deficiencies in preparedness (Villagrán De Léon 2006), or coping capacities (Davidson 1997; 
Hahn 2003) separately.  
In contrast, especially definitions and concepts evolved from global environmental and 
climate change research do not follow the separation of hazard and vulnerability (Cutter 1996; 
Füssel & Klein 2006), but take the hazard and the exposure to it into account by considering 
anthropogenic actions, which indeed are effecting the environment and therefore some of the 
hazards (Villagrán De Léon 2006). However, we maintain the conceptual superstructure of 
the (UN/ISDR 2004) definition, since we focus on earthquake hazards, that are beyond the 
influence of human kind (Bollin 2003) and discuss different perspectives on risk components 
at the respective passage. For overviews of risk definitions with respect to different scientific 
disciplines the reader is referred to e.g. Brooks 2003, Schneiderbauer & Ehrlich 2004, and 
Thywissen 2006. Carreno et al. (2007) provide an introductory chronological description of 
the development of epistemological terms und concepts in the context of earthquake risk. In 
conclusion, according to Deichmann et al. (2011), it should be noted that all components of 
natural disaster risk show an inherent variability over space and therefore risk identification 
and assessment must rely on data and information with spatial reference.  
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2.1 Hazard  
 
Based on a wider understanding, hazards represent potentially damaging events, phenomenon 
or human activities, which may have negative consequences on human aspects (loss of life or 
injury), elements of the built environment (property damage) and environmental components. 
Hazards can be single, sequential or combined, both in their origin and effects (UN/ISDR  
2004). For example earthquakes may trigger other earthquakes (e.g. Pinar et al. 2001; Erdik et 
al. 2004; McCloskey et al. 2005; Marsan & Lengline 2008) and/or secondary effects such as 
landslides (e.g. Bommer & Rodriguez 2002; Huang & Li 2009), tsunamis (e.g. Sahal et al. 
2009; Taubenböck et al. 2009b; Rosenau et al. 2010; Strunz et al. 2011) or fires (e.g. Girgin 
2011), also in a cascading way (Schneiderbauer & Ehrlich 2004), that can even be more 
disastrous than the initial hazard (Korup 2010). 
Brooks (2003) notes, that in certain definitions there is some ambiguity as to whether hazards 
represent a trigger event or the outcome of such events. Schneiderbauer & Ehrlich (2004) 
state that especially in the disaster related literature there are divergent views whether hazards 
should only describe naturally induced events or also include events which are triggered by 
human activities. In this context, Garatwa & Bollin (2002) make a distinction between real 
natural hazards such as earthquakes, volcanic eruptions and storms and socio-natural hazards 
such as floods, droughts and forest fires, which are also caused or exacerbate due to human 
intervention in nature. Analogous, Smith & Petley (2009) show the spectrum of 
environmental hazards reaching from geophysical events to human activities, where hazards 
with a high level of human causation such as air pollution, industrial accidents or bushfires 
are more voluntary in terms of their acceptance and more diffuse in terms of their disaster 
impact in contrast to highly involuntary hazards such as earthquakes, tsunamis, etc. As 
already mentioned above, Schneiderbauer & Ehrlich (2006) emphasize that hazards often 
have interrelated causes and therefore the allocation of a hazard to one class may be difficult. 
However, if describing certain  hazard-related risk components that are at the same time most 
likely hazard-specific (Brooks 2003), it is crucial to determine basic characteristics such as 
magnitude (only events are considered as extreme, when some common level is exceeded), 
duration (persistence of a hazardous event), speed of onset (time between first occurrence of 
an event and its peak), temporal spacing (sequencing of events ranging from random to 
periodic), spatial extent (space covered by a hazardous event) and spatial dispersion (pattern 
of distribution over the space the impact can occur) (Gravely 2001, quoted in Schneiderbauer 
& Ehrlich 2004). 
In this regard, earthquake hazards are typically characterized based upon the basic concepts of 
probabilistic seismic hazard assessment (Cornell 1968) and described by probabilities of 
occurrence of earthquakes with a specified amplitude of interest for a given period of time 
(Robinson et al. 2006; UNDP/ERRRP 2009; see Panza et al. 2011 for a critical discussion of 
the shortcomings of this method). In order to describe potential earthquake hazards, 
Sinadinovski et al. (2005) distinguish between regional seismic models (description of the 
chance of an earthquake of a given magnitude occurring in a specified time period in various 
parts of the region), attenuation models (general description how earthquake ground shaking 
or intensity decreases with distance away from the earthquake source) and site response 
models (description how local soil conditions will affect the ground shaking experienced 
during an earthquake). In detail, a pre-event earthquake parameter evaluation may include 
earthquake intensity, peak velocity, predominant period, potential earthquake source, 
liquefaction potential etc. and also take the analyses of potential secondary threats into 
account (Tang & Wen 2009) based on empirical, analytical or hybrid methods (e.g. Calvi et 
al. 2006; Crowley & Bommer 2006).  
 
PREPRINT; FINAL PAPER PUBLISHED @ NATURAL HAZARDS, VOL. 68, PP. 7–48, 2013 
2.2 Vulnerability 
 
An international wide spread definition of vulnerability in the context of risk research 
describes vulnerability as “the conditions determined by physical, social, economic and 
environmental factors or processes, which increase the susceptibility of a community to the 
impact of a hazard” (UN/ISDR 2004). Although this definition provides little information 
about the specific factors or processes that constitute vulnerability, it is clear that vulnerability 
characterizes the combined conditions and situations of various elements of interest, that 
make them prone being affected from the influences of an hazardous event (Bogardi et al. 
2005; Birkmann et al. 2011). Vulnerability has to be understood as a predictive concept, since 
vulnerability is a present attribute that describes and characterizes possible future harm (Wolf 
2011). Certainly, it should also be noted that within vulnerability research different schools of 
thought exist with partially significant differences regarding definitions and associated 
concepts (Birkmann et al. 2011; see also Birkmann 2006b; Füssel & Klein 2006; Thywissen 
2006), since vulnerability is perceived basically as something abstract without a simple, clear 
notion (Hilhorst & Bankoff 2004). However, Wolf (2011) argues, that especially from a 
methodological point of view, which incorporates certain strategies to assess vulnerability, 
these differences are less conceptual but primarily terminological.  
The concept of vulnerability emerged within the social sciences as a reaction to a solely 
hazard oriented reception of disasters and risk in the early 1970s (Schneiderbauer & Ehrlich 
2004; Villagrán De Léon 2006). But already Timmermann (1981) stressed the heterogenic 
definitions of that term, which made it almost useless for a careful description. Bogardi & 
Birkmann (2004) note, that vulnerability does not represent a clear scientific concept, what 
causes the paradox that the scientific community tries to measure vulnerability, but cannot 
define it precisely yet (Birkmann 2006b). Rashed & Weeks (2003) state, that assessing 
vulnerability and risk towards natural hazards can be regarded as an ill-structured problem, 
without a unique, clearly identifiable and objectively optimal solution. Therefore it is no 
surprise that within the actual scientific literature numerous definitions and pre-analytic 
frameworks have emerged, assigning a definition with respect to a specific epistemological 
view of several research disciplines (Wisner 2004; Brooks 2003) and enhance it with 
individual connotations in order to make the term operable for different research question. An 
overview of several definitions can be studied e.g. in Schneiderbauer & Ehrlich (2004), Green 
(2004), Thywissen (2006), Villagrán De Léon (2006), Adger (2006), Fuchs (2009), and Cutter 
et al. (2009). Kasperson et al. (2005) and Füssel (2007) provide an overview of the evolution 
of concepts and approaches to vulnerability research, respectively. 
Within the social sciences vulnerability refers to the susceptibility of a given population or 
social system to harm from exposure to multiple stressors (Alwang et al. 2001). It is directly 
linked to the ability to prepare for, respond to, and recover from hazards and disasters. Social 
vulnerability therefore explicitly focuses on demographic and socioeconomic factors (Briuglio 
1995) that increase or attenuate the impacts of hazard events on local populations (Cutter et 
al. 2009). The perspective of numerous definitions and concepts are human-centred (Bohle et 
al. 1994; Adger et al. 2001; Cannon et al. 2003), incorporating the role of human agency 
explicitly by attributing the driving forces of vulnerability on the social, political, and 
economic pressures imposed on individuals, which constrain their responses and ability to 
cope with disasters (Forsyth 2004; Adger 2006; Walton et al. 2008). In this manner, Wisner 
(2004) tracks the progression of vulnerability from root causes to dynamic pressures to unsafe 
conditions, which then interact with natural events. Bohle (2001) emphasizes the double 
structure of vulnerability with an external and internal side, whereas the external side includes 
the exposure to potentially damaging events and the internal side relates to the capacity to 
cope with, resist and recover from the impact of a hazard. Viewed from these perspectives, 
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vulnerability depends almost as much on the preparedness and coping capacity of the affected 
society as on the natural hazards itself (Bogardi & Birkmann 2004).  
Within the natural sciences, the focus is on physical damage assessment and related adaption 
processes, where vulnerability of a given entity (system, sector, region etc.) may tentatively 
be defined as the expected damage resulting from anticipated environmental perturbations in 
consideration of the expected transformation and adaption processes (Corell et al. 2001). For 
example, the “end point” definition of Bogardi et al. (2005) views vulnerability as the residual 
segments of natural impacts that cannot be targeted by adaption processes. In this context, 
adaption based approaches explicitly consider the examination of the adaptive capacity 
(O'Brien et al. 2004), which is necessary to improve the resilience and robustness of a certain 
system (Smit & Wandel 2006). Therefore, the framework presented by Turner et al. (2003) 
sets vulnerability in context of a human-environmental system with multiple perturbations and 
stresses, encompassing exposure, sensitivity and resilience as discrete but interlinked 
components of vulnerability.  
Definitions and approaches evolved from disaster management, concentrate upon potentials 
of the population to overcome and recover from the impact of a hazard (IFRC 1999). Blaikie 
et al. (1994) define vulnerability with respect to this kind of perspective as characteristics of a 
person or group in terms of their capacity to anticipate, cope with, resist and recover from the 
impact of a natural hazard. Furthermore it involves a combination of factors that determine 
the degree to which someone's life and livelihood are put at risk by a discrete and identifiable 
event in nature or in society. Therefore, Schneiderbauer & Ehrlich (2006) state that the focus 
of disaster management research also shifted from “hazard assessment” to “vulnerability 
analysis”.   
However, approaches evolved from engineering sciences mainly concentrate upon short-term 
intensive extern influences on certain valued elements (e.g. buildings) and their related 
susceptibility by defining vulnerability as the severity of failure in terms of its consequences 
(Coburn et al. 1994; Burton et al. 1993). The concern is not how long the failure lasts but how 
costly it is (Correira et al. 1987). From this point of view, vulnerability can e.g. be quantified 
by deriving an empirical relation between number of affected people and impact of a natural 
hazard (Vrijling et al. 1995). Especially within the engineering focused earthquake risk 
community (Smith 2005), vulnerability is linked to the probability of collapse of buildings 
and critical lifelines considering specific earthquake scenarios and taking potential human 
casualties and economic losses into account (Menoni et al. 2002; Sinadinovski et al. 2005). 
Based on damage assessment approaches (Whitman 1973), methodologies are developed that 
focus on physical components of seismic vulnerability. For instance, an assessment of damage 
for loss estimation studies combines parameters that are hazard related such as the 
determination of macro seismic intensity and peak ground acceleration with the analysis of 
the seismic vulnerability of built up structures by methods such as displacement response 
spectra (Crowley et al. 2004) or capacity spectrum (Freeman 2004), depending on conceptual 
assumptions whether a single building is studied in detail or idealized classes of buildings are 
considered for scenario-oriented analyses (Calvi 1999). In this regard, the likely damage to 
structures is modelled by expressing their vulnerability by damage functions and fragility 
curves (Robinson et al. 2006; FEMA 2010). Seismic loss is therefore described as a function 
of exposure, which is represented by the amount of human activity at a certain location (e.g. 
stock of infrastructure), vulnerability, which describes the susceptibility of the infrastructure 
stock, the hazard, which is expressed by the likelihood of occurrence of a specified ground 
motion at a certain location and damage loss conversion, which refers to the mean damage 
ratio (Crowley et al. 2006, quoted in Daniell 2009; Daniell 2011).  
Yet, integrative approaches e.g. incorporating human, financial, social and administrative 
aspects for describing earthquake effects (Coburn & Spence 1992) are established, reaching 
wide spread methodologies such as HAZUS-MH (FEMA 2010), where also multi hazard risk 
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assessments are considered (Carreno et al. 2007). More extensively, Cardona (1999) 
developed a holistic approach evaluating disaster risk, where exposed elements are assessed in 
dependence of several aspects and dimensions of vulnerability. Vulnerability is therefore 
characterized based upon exposure and physical susceptibility, which is hazard dependent, as 
well as social and economic fragilities and lack of resilience or ability to cope and recover, 
which both are considered as hazard independent (Cardona & Hurtado 2000). By overlaying 
and weighting normalized risk parameters that may come from a multidisciplinary 
perspective, earthquake risk is spatially expressed in a commensurable way aiming at an 
holistic view (Carreno et al. 2007; Carreno et al. 2009a; Carreno et al. 2009b).  
Adapting this holistic perspective, Birkmann (2006b) stresses that vulnerability should not be 
viewed as an isolated feature, but can be embedded within the context of a dynamic process, 
which implies that the focus has simultaneously be on vulnerabilities, coping capacities and 
intervention tools in order to reduce vulnerability. Thywissen (2006) reveals that within 
earthquake engineering the susceptibility is often quantified by means of a damage ratio but 
especially intangible parameters related to e.g. environmental, institutional or human factors, 
which can often hardly be quantified properly, are set aside. 
However, all of the presented multidisciplinary definitions and concepts have the core notion 
“potential for disruption or harm“ in common (Wisner 2004) and connect a specified system 
(e.g. region, social group, sector) with risk (Füssel 2005), respectively. This perspective 
implies that the present and future conditions of the elements exposed can be viewed as the 
central elements of vulnerability (UNDP 2004; Cardona 2004; Thywissen 2006), whereby the 
impacts as well as the receptors of natural hazards are considered (Fuchs et al. 2011).  
 
 
3 Capabilities of Remote Sensing in order to Assess Earthquake 
Risk 
 
Generally, remote sensing techniques are widely deployed for contributing to numerous 
aspects of earthquake risk. They provide valuable information for both hazard and 
vulnerability related research.  
Regarding the disaster management cycle, that can be split in four phases (Cartwright 2005), 
including pre-event phases such as reduction (mitigation) and readiness (preparedness), as 
well as post-event phases such as response and recovery, remote sensing has a numerous share 
in each of it (Joyce et al. 2009a). As already described, secondary effects of an earthquake 
such as tsunamis, landslide, fires etc. are a critical part of a comprehensive and integrative 
risk assessment (Deichmann et al. 2011). However, in this review, only risk components 
which are directly related to earthquakes are considered. For remote sensing literature 
contributing to secondary effects the reader is referred to e.g. Roessner et al. (2005), Hong et 
al. (2007), and Han et al. (2009) regarding landslides, Yamazaki & Matsuoka (2007), and 
Pesaresi et al. (2007) with respect to tsunamis, or Gitas et al. (2008) contributing to fire 
hazards. 
 
3.1 Hazard Parameters 
 
Remote sensing for earthquake hazard research evolved simultaneously to the first appearance 
of commercially available satellite images in the 1970ies, which were used to map active 
faults and structures (Tronin 2006). Nowadays, applications contributing to the understanding 
and documentation of location, slip rates as well as the kinematics and dynamics of active 
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faults on interseismic temporal scales are based on a wide spectrum of air- and spaceborne 
remote sensing reaching from optical sensors to radar systems (Tralli et al. 2005). 
 
3.1.1 Pre-Event 
 
Several aspects of pre-event earthquake hazard analysis are tackled by means of remotely 
sensed data. Especially in pre-event geological observations remote sensing addresses the 
need for quantitative observational parameters on landforms, land cover and tectonic features 
(Philip 2010). Deichmann et al. (2011) note that remote sensing can contribute valuable 
information for microscale zonation by deriving information for producing geological, 
seismic or soil maps. Thereby, DSMs and multispectral imagery proved to be a valuable data 
source for a detailed, spatially consistent and thematically suitable site characterization (Yong 
et al. 2008a, 2008b, Shafique et al. 2012). In this manner, Theilen-Willige (2010), Reif et al. 
(2011), and Shafique et al. (2011) analyse geomorphologic/topographic features and settings 
of earthquake hazard prone areas by extracting geomorphometric/seismotectonic parameters 
based on DEM data, whereas e.g. Sitharam et al. (2006), Demirkesen (2008), or Duarah & 
Phukan (2011) also incorporate multispectral imagery for terrain analysis and the description 
of lineaments. Based on DEMs derived from LiDAR surface expression of faulting can be 
mapped with a high accuracy and detail (Cunningham et al. 2006; Begg & Mouslpoulou 
2007). By integrating optical data (Walker 2006; Kaya et al. 2004; Gonzalez et al. 2010) and 
DEMs derived from stereoscopic imagery (Fu et al. 2004), active faults can be mapped less 
detailed but for a larger spatial extent. 
By using multitemporal SAR data, pre-seismic land surface deformations even in the amount 
of centimetres can be measured based on concepts and techniques of differential 
interferometric SAR (D-InSAR) (Kuzuoka & Mizuno 2004; Stramondo et al. 2007; Bayuaji et 
al. 2010). Weston et al. (2012) compare earthquake source models determined by InSAR and 
seismic data and find InSAR to be a valuable technique for the estimation of earthquake 
source parameters such as location, seismic moment, fault geometry etc. This technique has 
proven to be advantageous compared to e.g. GPS-based measurements in terms of costs, 
coverage, and data accessibility (Fornaro et al. 2009) and is used in order to evaluate the 
seismic potential of a region (Yen et al. 2008), quantify aseismic accumulation of strains 
between events (Fielding et al. 2004), and calculate slip-rates of segments (Ding & Huang 
2011), what also possibly allows to identify precursory surface deformations (Tsai et al. 
2006). In this manner, Tralli et al. (2007) present a conceptual case for the assimilation of 
InSAR measurements into the HAZUS-MH earthquake module.  
Based on data from thermal sensors, short-term temperature increases prior to several 
earthquake events have been described numerous times for both surface and atmosphere 
(Gorny et al. 1988; Tronin 1996; Ouzounov & Freund 2004; Saraf & Choudhury 2005; 
Ouzounov et al. 2006; Choudhury et al. 2006; Yurur 2006; Ouzounov et al. 2007; Yang & 
Guo 2010; Saradjian & Akhoondzadeh 2011; Chen et al. 2011), what may hold information 
for earthquake prediction and warning (see also Saraf et al. (2009) for a discussion of reasons 
of correlation of these phenomena). Also, other anomalies related to earthquakes that can be 
detected by remote sensing instruments are discussed in the literature (Tronin 2010) such as 
ionospheric (Kakinami et al. 2010) or cloud (Gup & Xie 2007) anomalies. 
 
3.1.2 Post-Event 
 
Post-event hazard related applications deal mainly with the quantification and measurement of 
earthquake induced changes of the land surface. Takano & Maeda (2009) and Maeda & 
Takano (2010) present an approach to detect land-surface deformation induced by 
earthquakes based on spaceborne microwave radiometer data with a high timely resolution. 
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Lineament analysis based on pre- and post-event optical data have shown significant changes 
in terms of number, spatial distribution and arrangement (Arellano-Baeza et al. 2006; Liu & 
Haselwimmer 2006). Coseismic effects of strong earthquakes can cause gravity pertubations, 
which are detectable by spaceborne sensors dedicated to gravity field measurements (Tralli et 
al. 2005). For instance, the GRACE (Gravity Recovery and Climate Experiment) satellites 
enabled the measurement of gravity changes related to the 26 December 2004 Sumatra-
Andaman (Indonesia) earthquake (Han et al. 2006).  
Nevertheless, one of the main post-event application fields of remote sensing is surface 
deformation mapping whereas both optical and SAR data are utilized (Tronin 2010). 
Approaches based on optical data use methods and concepts of change detection based on 
pre- and post-event data (Saraf 2000) applying a sub-pixel correlation technique  in order to 
be able to quantify horizontal movements with a high accuracy (Van Puymbroeck et al. 2000; 
Remi & Avouac 2002; Dominguez et al. 2003; Avouac et al. 2006; Leprince et al. 2007; 
Ayoub et al. 2009). 
Differential SAR interferometry (D-InSAR) is a widely established method for mapping 
significant surface deformation signatures associated with faults, fractures and subsidences 
(Massonnet et al. 1993; Massonnet 1995; Massonnet & Feigl 1998) induced by earthquakes. 
E.g. Reale et al. (2011) show the potential of a SAR system to monitor post-seismic 
deformations with a high timely resolution in an operational way. As already mentioned, there 
are also pre-event or inter-event applications of this technique, but it is regarded as the best 
tool for studying earthquake deformations especially at the moment after the shock (Tronin 
2010). Based on phase difference of multi-temporal radar observations acquired before and 
after a hazard event when deformation has occurred, ground deformation and displacements 
on the Earth's surface in range of centimetres and millimetres can be measured in a spatially 
continuous way (Tralli et al. 2005; Joyce et al. 2009a). Pre- and post-event SAR data was 
acquired and D-InSAR techniques were applied for example for the 17 January 1995 Kobe 
(Japan) (Ozawa et al. 1997),  9 July 1998 Azores (Catita et al. 2005), 26 December 2003 Bam 
(Iran) (Stramondo et al. 2005; Erten et al. 2010), 24 February 2004 Al Hoceima (Morocco) 
(Tahayt et al. 2009), 26 December 2004 Sumatra (Indonesia) (Chini et al. 2008), 14 
November 2007 Tocopilla (Chile) (Motagh et al. 2010), 12 May 2008 Sichuan (China) (Chini 
et al. 2010; Liou et al. 2010; Zhang et al. 2010), or 12 January 2010 Port-au-Prince (Haiti) 
(Eineder et al. 2010) earthquakes to quantify co- and post-seismic deformations.  
Since InSAR provides precise measurements with a distance of a few kilometres away from 
the actual fault but is limited in generating complete deformation information in the near fault 
zone, (Tronin 2010) states, that a combined use of optical and SAR data based displacement 
mapping techniques could be supplementary, whereas high resolution optical data can be used 
for post-event deformation mapping in the epicentre areas.   
 
3.2 Vulnerability Parameters 
 
Remote sensing for earthquake vulnerability assessment is a less long established research 
field than for earthquake hazards itself. While some examples explicitly exploit and evaluate 
the capabilities of remote sensing generally (e.g. Rathje & Adams 2008; Taubenböck et al. 
2008) or explicitly address certain vulnerability components (e.g. Chen 2002; Mueller et al. 
2006), it can be stated, that this part of earthquake risk is only in the recent years subject to a 
more intense contemplation, especially from the remote sensing point of view. However, 
valuable efforts were made contributing to different vulnerability aspects of earthquake risk 
based on remote sensing concepts, data, and methods, which are presented in the following 
section.  
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3.2.1 Pre-Event 
 
Generally, remote sensing based mapping of land cover/land use, and components of the built 
environment such as buildings, infrastructures or lifelines on a wide geographical scope (Polli 
& Dell'Acqua 2011) can be substantial and beneficial for risk assessment and management 
(Tralli et al. 2005).  
The potentials of remote sensing contributing to create (earthquake) risk building inventories  
and subsequent assessment of their physical vulnerability are discussed in e.g. French &  
Muthukumar (2006), Mueller et al. (2006), Ehrlich & Zeug (2008), Taubenböck et al. 
(2009a). Vulnerability related building parameters that can be extracted from remote sensing 
data incorporate building footprint, height, shape characteristics, roof materials, location, 
period of construction, and structure type. Especially very high and high spatial resolution 
optical imagery is found to be suitable to quantify and characterize the building stock based 
on manual cartographic methods, statistical enumeration of samples (Ehrlich et al. 2010) or 
automatic image information extraction methods (Sahar et al. 2010; Borzi et al. 2011). 
Especially the latest generation of optical spaceborne sensors are perceived as a breakthrough 
for operational applications especially where no alternative data source is available such as in 
third world countries and smaller and medium size remote urban areas (Deichmann et al. 
2011). Combining several optical sensors and LiDAR data allows the automated evaluation of 
seismic building vulnerability with a high accuracy (Borfecchia et al. 2010), whereas e.g. the 
combined use of optical and SAR data is used to derive crucial parameters such as building 
footprint and floor number (Polli & Dell'Acqua 2011).  
In order to contribute to the assessment of demographic vulnerability components such as the 
regionalized number of population, spatial disaggregation approaches of population census 
data based on remotely sensed data are proposed (Dobson et al. 2000; Chen 2002). Aubrecht 
et al. (2012) provide an overview on available multi-level geospatial information and 
modelling approaches from global to local scales that could serve as inventory for people 
involved in disaster related areas. In absence of or when only outdated information on total 
population is available, approaches for spatial extrapolation of punctual population data have 
been presented (Taubenböck et al. 2007). 
Based on proxy variables derived from very high resolution optical and LiDAR data Ebert et 
al. (2009) assess social vulnerability for an urban environment. Based on comparable data 
sets, Taubenböck (2011) uses physical proxies of the urban environment in order to build 
correlations of urban structure types (e.g. slums) with socio-economic parameters, such as 
income of the people, to spatially assess social vulnerability parameters, in this case financial 
capacity to recover. Zeng et al. (2012) use medium resolution optical imagery for modelling 
social vulnerability. More specifically, Prasad et al. (2009) address social vulnerability by 
using very high optical data for the identification of socioeconomic clusters within the built 
environment in order to subsequently assess seismic risk.  
 
3.2.2 Post-Event 
 
Post-event applications that utilize remote sensing data and techniques deal mainly with the 
identification of land cover / land use change induced by an earthquake (Chang & Tang 
2010). Analogous to pre-event studies, the focus of such applications is on the identification, 
description and assessment of the present and future conditions of the built and natural 
environment, and hence the elements exposed.  
Since remote sensing is the only technology capable of immediately capturing the damage 
situation over a large affected area after a hazard event (Vu & Ban 2010) it has become a 
valuable tool during emergency response (Dell'Acqua et al. 2009). Especially for post-disaster 
rapid damage detection, mapping and assessment, recovery, and rescue information in cases 
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of a disaster event, remote sensing has proven its potential and can be identified as an 
operational tool to support decision makers with up-to-date spatial information (Joyce et al. 
2009b; see also Saito & Spence 2004; Voigt et al. 2007; van den Broek et al. 2009; Lang & 
Tiede 2010).  
However, especially rapid damage mapping is still primarily based on manual interpretation 
in order to avoid long (pre-)processing times (Trianni & Gamba 2009) and to provide the 
acquired accuracy for rescue teams in events such as the 12 May 2008 Sichuan (China) 
(Wang et al. 2009b), 12 January 2010 Port-au-Prince (Haiti) (DLR-ZKI 2010), or 11 March 
2011 Tōhoku (Japan) (ICSMD 2011a) earthquakes. Thereby, limitations due to 
misinterpretations and data availability are still a challenging task (Kerle 2010). Recognized 
damage is typically limited to severely damaged structures (Jaiswal et al. 2011), and patterns 
of damage are more likely to be accurately mapped whereas the quantification of damage 
intensity appears not feasible (Corbane et al. 2011).  
Automated approaches are presented solely using post-event optical (Kaya et al. 2005; Vu et 
al. 2005) or SAR data (Balz & Liao 2010), where the pre-event situation of buildings is e.g. 
simulated (ibid.; Wang et al. 2009a). However, the use of change detection-based methods, 
which compare pre- and post-earthquake images are perceived to deliver more accurate and 
reliable results in general (Li et al. 2008; Ehrlich et al. 2009). This is due to the finding that 
damage assessment is principally a change detection problem, where the mapping classes are 
correlated with the level of damages experienced by the structures in the area of interest 
(Trianni & Gamba 2009). Based on optical pre- and post- event space- and airborne imagery 
several concepts and methods are developed in order to detect change and subsequently derive 
earthquake damage of buildings in an automated way (Mitomi et al. 2002; Yano & Yamazaki 
2006; Adams et al. 2004; Kosugi et al. 2004; Turker & San 2004; Turker & Cetinkaya 2005; 
Kumar et al. 2006; Yamazaki & Kouch 2006; Sertel et al. 2007; Yamazaki & Matsuoka 2007; 
Teimouri et al. 2008; Turker & Sumer 2008; Aydöner & Maktav 2009; Aldrighi & 
Dell'Acqua 2009; Li et al. 2010; Vu & Ban 2010), also incorporating pre- and post-event 
LiDAR data in order to reach a high level of morphologic detail and accuracy (Vu et al. 2004; 
Li et al. 2008). 
As data acquisition of optical imagery shortly after an earthquake may be limited due to cloud 
coverage and weather conditions and flight campaigns in remote areas can often not be 
carried out quickly, approaches are developed to assess earthquake damage to build structures 
by using pre- and post-event SAR data (Hoffmann 2007; Gamba et al. 2007; Matsuoka & 
Yamazaki 2010; Schmitt et al. 2010) or combine pre-event optical and post-event SAR 
imagery (Stramondo et al. 2006; Chini et al. 2009; Brunner et al. 2010). 
Also other elements of the built environment are under investigation such as critical 
infrastructures like transportation networks (Huang et al. 2009; Wang et al. 2011) and remote 
sensing based monitoring of reconstruction activities have been reported (Guo et al. 2010). 
Recent applications also deal with the assessment of ecological aspects of vulnerability of a 
system such as investigations of the impact of the 2008 Wenchuan (China) earthquake on 
wildlife habitats using optical remote sensing data (Xu et al. 2009; Deng et al. 2010) and 
DEM data (Yu et al. 2011) or quantify damage to vegetation based on pre-and post-event 
optical data (Ge et al. 2009). 
 
4. Trends, research projects and initiatives  
 
4.1 Trends – What was in the centre of research? 
 
Numerous devastating natural disasters in the 1980ies triggered the United Nations to 
proclaim the International Decade for Natural Disaster Reduction (IDNDR). Against this 
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institutional background, the Tokyo Declaration of 1989 was followed by the forming of a 
UN Special Committee and the establishment of national secretaries and committees 
(Verstappen 1995). 
In order to give a comprehensive picture on general developments, technological innovations 
and ‘hot’ research topics on remote sensing capabilities in the earthquake risk context since 
the proclaimed time period, a quantitative analysis and categorization of the literature is 
performed. This analysis is both meant to complement the previous review and serve as a 
profound basis for the subsequent discussion about future research activities in the next 
chapter.  
 
4.1.1 Search Criteria and Sampling Methodology 
 
Based on the assumption that researchers tend to publish in well-established journals (Caron 
et al. 2008), peer-reviewed journals listed in the Thomson Reuther’s ISI Web of Knowledge 
are screened from 1991 to July 2011. This is believed to give a significant overview of main 
developments and trends without aiming for completeness though. 
First, title, keywords, and abstract of all papers listed are screened for a mandatory 
combination of the buzzwords “remote sensing” and “risk”, “earthquake”, “hazard”, 
“vulnerability”, and the search terms’ lingual variations such as plural, adjective etc., 
respectively. This implies that remote sensing is regarded as a central methodological element 
in the respective paper which is worth being already pointed out or at least mentioned in the 
title, keywords or abstract and not only in the full text. This might be especially true for 
papers published in journals related to research disciplines with a focus not strictly bound to 
remote sensing (such as this journal). In contrast, for papers published in remote sensing 
journals there might be less emphasis of the central methodological element necessary, since a 
relation to remote sensing is normally a prerequisite to publish in such a journal. Therefore, 
all 23 journals listed in the Thomson Reuther’s subject category “remote sensing” are 
screened separately for the search terms without combing them with the buzzword “remote 
sensing”.  
The search results in a large error of commission, but what is found to be necessary in order to 
keep the error of omission as low as possible. By manual inspection of the respective search 
results, papers are identified that have a direct relation to earthquakes and its components such 
as the analysis and applications already presented above. For reasons of consistency, e.g. 
secondary threats that are tackled by remote sensing are not integrated. One may think of 
numerous papers that meet these search criteria like investigations of earthquake triggered 
landslides by means of remote sensing or tsunami damage observed from remote sensing data. 
Also papers that are identified based on very general search combinations, e.g. “remote 
sensing” and “risk”, such as investigations of droughts or malaria risks integrating remote 
sensing are naturally not further considered. 
 
4.1.2 Categorization of the literature  
 
Based on the sampling scheme and exclusion criteria, 251 papers were identified for the 
period from 1991 to end of July 2011. Following the presented categorization of the literature, 
the papers are indexed in dependency if the focus is on hazard or vulnerability components for 
pre- or post-event applications. Additionally, a categorization of the papers corresponding to 
the geometric resolution of the respective sensors deployed has been made.  
There is a considerable trade-off between the geometric resolution of remote sensing data and 
the aerial coverage of a scene or data set (Rathje & Adams 2008). Generally, remote sensing 
data with a coarse geometric resolution provide large spatial coverage (in terms of scene size), 
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what implies that fewer data sets are needed to evaluate a large area. In contrast, a high 
geometric resolution implies relatively small spatial coverage (in terms of scene size) (ibid.).  
In table 1 several remote sensing systems deployed in earthquake research are listed with 
affiliated geometric resolution, swath, and revisit capability. The categorization according to 
the geometric resolution of the sensors is adapted from the scheme presented by Neer (1999) 
(revealed in Möller 2011) for optical sensors. Being aware that e.g. SAR data do not contain 
the same thematic information as optical data with the same geometric resolution, the 
categorization is later on adapted also for non-optical sensors for terms of consistency. 
Based on the quantitative sensor characteristics, a qualitative categorization of the sensors is 
made. Table 1 shows the assumed spatial scales the respective analyses are typically applied 
on. These reach from “focal” to “local” to “regional” to “national”. Generally, it can be 
assumed that data with a coarser geometric resolution and larger spatial coverage per scene 
are able to contribute to overall evaluation of pre- and post-events studies, whereas it is yet 
both difficult and expensive to obtain high geometric resolution data over the entire area 
threatened or affected by an earthquake (Rathje & Adams 2008). Clearly, the geometric 
resolution of the sensors, affiliated scene sizes and the spatial scales the analyses are typically 
applied on have also to be set in context of the objects to be analysed. There may be 
applications where no substantial added value may arise answering the respective research 
questions based on data with a higher geometric resolution. For instance, the use of coarse 
resolution remote sensing data in order to analyse large-scale phenomena and objects such as 
large active faults may deliver appropriate results, whereas an earthquake-related evaluation 
of small-scale objects such as buildings may, by trend, represent only a rough estimation 
based on such data. However, the categorization also aims to identify characteristic spatial 
scales for respective application fields. In addition it should be noted that some of the sensors 
shown in table 1 in the category “national” can be considered more as sensors allowing 
“continental” or even “global” analysis, but are integrated in this category for terms of 
lucidity.  
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Table 1 Overview of several remote sensing systems deployed in earthquake research 
Platform/Satellite Sensor/Mode
Geometric
resolution
(Nadir) [m]
Swath [km] Revisit capability
Categorization of
geometric resolution
according to
Neer (1999)
Spatial scales
analysis
are typically applied 
on according to 
swath/scene size
Airborne LiDAR 0.5-1
daily coverage of 
1-100 km² 
Mobilized to order
Worldview Panchromatic 0.46
Multispectral 1.85
Quickbird Panchromatic 0.6
Multispectral 2.4
Ikonos Panchromatic 1
Multispectral 4
Cosmo-Skymed^ Spotlight <1 10 ~37 hours
TerraSAR-X Spotlight 1 10
Stripmap 3 30
Radarsat-2 Ultra-fine 3 20 Every few days
SPOT-5 Panchromatic 5 60-80
Multispectral 10 60-80
Rapid Eye Multispectral 6.5 77 x 1500 1 day
ALOS AVNIR 10 70
PALSAR (Fine) 10 40-70
Radarsat-1/-2 Fine 8 50 Every few days
Landsat-5 TM Multispectral 30
Lansat-7* ETM+ Panchromatic 15
ETM+ Multispectral 30
TerraSAR-X ScanSAR 18 100
11 day repreat cycle;
2.5 day revisit capability
Radarsat-1/-2 Standard 25 100
Wide 30 150
ERS-2 30 100 35-day repeat cycle
Envisat ASAR standard 30 100 36-day repeat cycle
ALOS PALSAR (ScanSAR) 100 250-350
Several times per year
as per JAXA acquisition 
plan
Radarsat-1/-2 ScanSAR wide 100 500 Every few days
Terra /Acqua MODIS 250, 500, 1000 2300
At least twice daily for 
each satellite
NOAA AVHRR 1100 2399 Several times per day
Envisat ASAR ScanSAR 1000 405 36-day repeat cycle
 ^Figures quoted for one satellite constellation
* Problems with scan line corrector resulting in data gaps
coarse
resolution
regional
very coarse
resolution
national
medium
resolution
local
very high and
high resolution
focal
185
Every few days
16.4
16.5
11
11 day repreat cycle;
2.5 day revisit capability
Several times per year
as per JAXA acquisition 
plan
11 times every 26 days
1.5-3 days
1.1 days
1.5-3 days
Every 16 days
 
Source: Sensor/Mode characteristics “Geometric resolution (Nadir) [m]”, “Swath [km]”, and “Revisit capability” 
according to Joyce et al. (2009). Characteristics for “Airborne LiDAR” are taken from Rathje and Adams (2008).   
 
 
 
4.1.3 Results  
 
In Figure 2 the 251 identified peer-reviewed journal articles are visualized according to their 
assignment in terms of risk components, spatial scale and year of publication. As described, 
the papers are subdivided in dependence if the research is hazard or vulnerability related and 
further differentiated in pre- and post-event research. The spatial scales are to be understood 
according to the sensor categories in table 1. For multisensoral approaches the category of the 
sensor with the highest resolution deployed is used. The temporal differentiation corresponds 
to the publication year of the respective paper. Note that the quantitative axis is 
logarithmically scaled. Furthermore the absolute number of papers is visualized in a 
cumulative manner over the time.  
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Figure 2 Visualization of the number of peer-reviewed journal articles differentiated 
according to risk components, spatial scales and year of publication based on a logarithmic 
scaled axis.  
 
First, the quantitative characteristics of the overall categories are noticeable. Continuous 
research was published with contributions to assess earthquake hazards and its components 
both for pre- and post-event analyses and applications (hazard related pre-event: 97 papers; 
hazard related post-event: 76 papers). Especially since the mid of the last decade post-event 
damage analysis have increased (damage related post-event: 64 papers), whereas the number 
of papers dealing with pre-event vulnerability components is still comparatively low 
(vulnerability related pre-event: 14 papers).  
In detail, pre-event hazard analysis on a (supra-) national scale dealt mainly with the 
quantification of possible earthquake precursors such as thermal anomalies of the earth 
surface and atmosphere. In contrast, regional, local, and focal analysis focussed primarily on 
an identification, description and measurement of geomorphometric features and 
seismotectonic parameters such as detection of faulting. Especially analyses and applications 
that can be associated to the post-hazard category are based on the development of change 
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detection techniques such as D-InSAR for SAR based or sub-pixel correlation techniques for 
optical data in order to quantify earthquake induced surface deformations. Being less long in 
the interests of research, analysis and applications contributing to the post-event impact 
related part of earthquakes mainly contributed to assess structural damage of the built 
environment. The advent of high and very high resolution optical, SAR and LiDAR sensors 
enabled the quantification of earthquake damage with viable accuracies, whereas studies on a 
regional level offer quick overview assessments. Less found, but increasing since the last 
years, are concepts, analysis and applications focusing on the pre-event vulnerability part of 
earthquake risk that mainly deal with the detection and assessment of elements at risk such as 
buildings and their physical vulnerability using latest generation air and spaceborne remote 
sensing sensors. In this context, remote sensing can be regarded as a widely deployed source 
of data and established methodological element for hazard centred studies, which was already 
used since the availability of satellite images (Tronin 2006), whereas especially for pre-event 
vulnerability related research remote sensing can still be considered as relatively new source 
of information (Nassel & Voigt 2006). We may conclude that this development is triggered 
both by the changing focus of the scientific community that the assessment of vulnerability 
and its constituent elements is an important part of a comprehensive risk analysis and at the 
same time by the availability of sensors that first enabled an appreciable share of remote 
sensing capabilities to these components of earthquake risk.  
Finally it should be mentioned that, beside the discussed developments and trends concerning 
the specific earthquake risk categories, an overall increase of peer-review literature can be 
found. This increase follows a general increase of peer-reviewed publications related to 
remote sensing, naturally connected to the impressive pace of technical innovations in this 
scientific field (Blaschke 2010). Additionally, the increase is also triggered by the scientific 
community perceiving remote sensing as a valuable tool in earthquake risk related 
investigations. This finding is e.g. quantitatively manifested in documented research such as 
two special issues in remote sensing journals which deal with the detailed analysis of the 
Wenchuan (China) earthquake on the basis of concepts, data, and methods of remote sensing 
(Satellite observations of the Wenchuan Earthquake, 12 May 2008, International Journal of 
Remote Sensing Volume 31, Issue 13 (Singh 2010); Special Section on Remote Sensing of 
the Wenchuan Earthquake, Journal of Applied Remote Sensing, Volume 3 (Guo 2009)). 
 
4.2 Current research projects and initiatives 
 
With the designation of the 1990s as the International Decade for Natural Disaster Reduction 
(IDNDR) the United Nations General Assembly recognized the importance of reducing the 
impact of natural disasters. Since then, many different initiatives have been started to 
strengthen international science and stakeholders to benefit to risk reduction capabilities:  
 On the one hand, political initiatives and programmes are especially focusing on the use of 
earth observation data to tackle the multi-faceted problem of earthquake risk management. 
The intergovernmental Group on Earth Observation (GEO) is coordinating international 
efforts to build a Global Earth Observation System of Systems (GEOSS). This initiative 
was launched in response to calls for action by the 2002 World Summit on Sustainable 
Development, aiming at exploiting the growing potential of remotely sensed data to 
support decision-making. With the topic “disasters” as one of nine “societal benefit areas” 
(SBA) within GEO, the political significance of this topic becomes obvious (GEO 2011).  
The Committee on Earth Observation Satellites (CEOS), as a space component of GEOSS, 
coordinates civil space-borne missions to prevent unnecessary overlap. Since 2008 a CEOS 
Disaster SBA team coordinates all actions with respect to disaster management (CEOS 
2012).  
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 The Global Monitoring for Environment and Security (GMES) is a joint initiative of the 
European Commission and European Space Agency (ESA), which aims at achieving an 
autonomous and operational Earth observation capacity and is the European Union’s 
contribution to GEOSS. Pre-operational implementation of disaster related mapping 
services have been demonstrated in multi-disciplinary pre-cursor projects within the 
European Commission Framework Programme such as SAFER (FP7; SAFER 2011), and 
PreView (FP6 PreView 2012) aiming at real-time emergency response services, or G-
MOSAIC (FP7 G-MOSAIC 2012) aiming to support early warning and crisis management 
operations. With GMES Initial Operation (GIO) Emergency Management Support (GIO-
EMS) the goal is establishment of the operational service for post- and preparation phases 
(GIO 2012). Within these frameworks remote sensing plays a critical role as actual source 
of information for multiple hazards in rapid mapping and response applications. 
 Furthermore, the United Nations Office for Outer Space Affairs for instance is promoting 
international cooperation in the peaceful uses of outer space (UNOOSA 2011). Within, a 
24-hour hotline is operating as the United Nations focal point for satellite imagery requests 
during disasters and manages the United Nations Platform for Space-based Information for 
Disaster Management and Emergency Response (UN SPIDER 2011), whereas the United 
Nations Office for the Coordination of Humanitarian Affairs (UNOCHA 2012) acts as an 
operational coordinator in crisis situations. In 2000 the European, French and Canadian 
Space Agencies initiated the “International Charter Space and Major Disasters” (ICSMD 
2011b). The Charta represents an institutionalized cooperation between commercial remote 
sensing systems operators (Digital Globe, GeoEye, Spotimage, etc.), and (inter)national 
operators (JAXA, USGS, ESA, etc.). The goal is to provide rescue teams and local 
stakeholders with actual (geo-)information immediately after an hazardous event. Thereby, 
the Charter is responsible for the initial satellite image acquisition and  
processing/mapping/analysing facilities such as UNOSAT (UNOSAT 2011), DLR-ZKI 
(Voigt et al. 2007), SERVIR (SERVIR 2012), SERTIT (SERTIT 2012), or e-GEOS (e-
GEOS 2012) transform remotely sensed data in actual information for emergency 
response. The derived information such as damage maps is subsequently used by 
humanitarian relief organisations such as “Medicins Sans Frontières”, “German technical 
relief agency” or “Red Cross” in order to direct supporting measures.  
 Another major initiative from the private sector is the Global Earthquake Model (GEM) 
financed mainly by re-insurance companies – bringing together state-of-the-art science, 
regional, national, and international organisations as well as individuals, in a global 
collaborative effort that aims at a lasting impact on seismic risk assessment (GEM 2011). 
Remote sensing is among manifold disciplines – e.g. civil engineering, seismology, 
architecture or social sciences – a crucial part to provide spatial, quantitative information 
for, amongst others, an intended global exposure and consequences databases. Remote 
sensing data and methods are developed for data inventory capturing, for interdisciplinary 
combination with in-situ field measurements, gathering of existing earthquake databases, 
crowd sourcing, vulnerability estimation methods, etc. The initiative clearly reveals the 
community’s efforts for multi-, inter- and transdisciplinary progress in earthquake risk 
assessment. Within the context of regional programmes such as the Earthquake Model 
Central Asia (EMCA 2011), or the Earthquake Model of the Middle East Region (EMME 
2011), remote sensing is also used both for the assessment of seismic hazard and 
vulnerability.  
 On the other hand, manifold initiatives have been set up to coordinate and proclaim 
integrated, multi- and transdisciplinary programs for risk reduction. Amongst others 
the International Council for Science (ICSU) proposed in 2006 that despite all the 
existing or already planned activities on natural hazards, an integrated research 
programme on disaster risk reduction, integrated across the hazards, disciplines and 
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geographical regions, is an imperative (ICSU 2011). Within the United Nations, the 
‘International Strategy for Disaster Reduction’ (ISDR) is coordinating disaster risk 
reduction and ensuring synergies between the manifold players (UN/ISDR 2011). For 
instance, the International Disaster and Risk Conference (IDRC) is complementing 
UN-ISDR’s governmental policy and strategy-oriented focus by concentrating on 
providing a network for experts, practitioners and institutions from science, 
technology, business, and civil society (IDRC 2011). Further initiatives are e.g. the 
Global Facility for Disaster Reduction and Recovery managed by the World Bank 
(GFDRR 2011), which funds e.g. GIS-based platforms for risk analysis such as 
CAPRA (GFDRR 2012). Therein remote sensing represents a critical source of data.  
Another example is the integrated Disaster Risk Management program managed by 
the Asian Development Bank (ADB 2011).  
 The Understanding Risk Network (UR, 2012) is an example initiative connecting a global 
community of experts and practitioners to provide a permanent online space where the 
community can share ideas and collaborate. Furthermore, conferences are held every two 
years. On a more stakeholder related level, NGOs are found to have the potential to play a 
significant role in natural disaster mitigation and preparedness (Benson et al. 2001), since 
they can operate on grassroots level with communities, enjoy comparatively high 
operational flexibility, and work often with the most marginalized groups in society 
(UN/ISDR 2006).     
 
 
5 Proposing research directions based on the status quo: Towards a 
roadmap for remote sensing  
 
This literature review of remote sensing data, methods, applications and products shows a 
huge methodological and thematic spectrum and proves high relevance to the risk community: 
The capability to provide consistent, up-to-date, independent and large-area spatial data for 
basically any location around the globe to support and analyse hazard and vulnerability 
related questions at different spatial scales is beyond controversy. However, the qualitative 
and quantitative review also identifies key gaps in research and demonstrates differences 
between theoretical capabilities of remote sensing and the status quo. Based on this review, as 
well as on interviews with experts, experiences in related projects, advisory boards and at 
conferences we propose research directions for remote sensing in order to increase the notion 
on earthquake risk and the field’s impact and relevance for the different groups involved.        
It is obvious that the issue of earthquake risk assessment and emergency management is of 
multidimensional complexity with different groups such as politicians, stakeholders, 
(insurance) industry, different disciplines within science (e.g. seismology, geophysics, civil 
engineering, remote sensing, social sciences) as well as people themselves having different 
perspectives, different unsolved questions, and different open issues. In this manner, we aim 
to derive, discuss, and suggest a path for future research directions and initiatives according to 
these different points of view.   
 
5.1 Recommendations for future scientific research  
In general, future scientific research needs to incorporate the documentation and 
understanding of earthquake hazards and related measurable effects as well as the 
characterization and assessment of the vulnerability of the elements exposed within a clearly 
accepted conceptual risk framework.  
However, the manifold conceptual frameworks reviewed regarding risk and its components 
lack common taxonomy and nomenclature. We argue for a demystification of terminology 
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and acceptance of new conceptual approaches only if significant value-adding is achieved. 
This is crucial in order to overcome conceptual barriers by setting aside often emphasised 
differences, which are found to be less conceptual but rather terminological (Wolf 2011). 
Since a fragmented understanding of epistemological frameworks is at danger to miss out 
innovative ideas and bundling strengths (Hufschmidt 2011), the development of a common, 
framing taxonomy and ontology in the context of risk research has to be attained - as already 
postulated by e.g. Brooks (2003) or Janssen & Ostrom (2006).  
 
From a remote sensing perspective manifold case studies have been carried out; however 
examples evaluating the current maximum capabilities of remote sensing to assess earthquake 
risk in a systematic way are still absent. Thus, we propose integrative studies incorporating all 
remotely sensed data sets available to date – from LiDAR to SRTM, from SAR with different 
polarisations to panchromatic to multi-, super- and hyperspectral airborne and spaceborne 
data to ground-based remote sensing data with different geometric resolutions and repetition 
rates – to evaluate the capability and limitation of multi-source remote sensing for pre- and 
post-event hazard and vulnerability analysis at different spatial scales. When brought out for 
areas that are representative for earthquake-prone regions, such systematic evaluations would 
demonstrate the specific capabilities and effectiveness of individual data sources. 
Subsequently, the results can be the foundation in order to provide consistent and area-wide 
seismic risk assessment and monitoring in a standardised and operational way by developing 
automated thematic processors.  
More specifically, as shown, remote sensing techniques allow for monitoring tectonic 
activities such as surface deformations from space. However, nowadays systematic and area-
wide monitoring is mostly restricted by data availability. For instance, Lundgren et al. (2004) 
show these capabilities of surface deformation monitoring, but for the limited area of a 
volcanic region. However, missions that are capable of monitoring tectonic activities and geo-
tectonic threats from space with a high accuracy and high timely resolution are planned or in a 
conceptual phase. The proposed TanDEM-L mission (Moreira et al. 2011) aiming at a 
systematic, large-area interferometric monitoring will be a chance to better understand the 
Earth’s dynamic surface processes and to improve prediction capabilities in the long term. For 
instance, correlations between displacements and strain build-up or relaxation may be 
improved (Eineder et al. 2009; Minet et al. 2008). More promptly, Salvi et al. (2012) 
emphasize that the Sentinel-1 (ESA 2011) data acquisition strategy allows effective coverage 
for interferomteric data over active seismically regions at global level by acquiring data in 
Interferometric Wide swath mode with 250km swath and 5x20m of geometric resolution (in 
range and azimuth respectively) and a minimum revisit of 12 days with one satellite, and 6 
days with both. These data are found to have the potential to substantially improve the 
scientific understanding and allow operational monitoring of the seismic cycle. By means of 
such data, a geodetic monitoring from space and thus quantification of changes regarding 
seismic hazards becomes viable. 
Beyond this, Tronin (2006) states, that future earthquake hazard related applications may 
incorporate gas analysers with a high spatial resolution and sensitivity which can be helpful 
for earthquake prediction and warning. 
Regarding vulnerability the above proposed high-end studies would allow for a systematic 
analysis of direct or indirect correlations between the phenomenon of vulnerability (e.g. 
building stability or time-dependent population distribution) and remotely sensed data. To 
accomplish such a proposition, systematic strategies and substantial data bases for validation 
including pre- and post-disaster information on e.g. building stocks, their seismic 
vulnerability and (eventually) experienced damage is needed. The latter may be the basis to 
develop consistent and robust damage scales for remote sensing estimates according to 
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different data such as optical and SAR with various resolutions as proposed by Rathje & 
Adams (2008).  
However, also for the assessment of pre-event seismic building vulnerability, common scales 
are needed in order to link remote sensing observations to scales which are designed to work 
on a comparatively high level of aggregation such as the EMS-98 (Grünthal et al. 1998) as 
well as locally adapted building codes. In this manner, remote sensing is not to be regarded as 
a panacea in general, and can be further extended when e.g. combined with approaches such 
as automated ground based data collection (Wieland et al. 2012), crowdsourcing (Heipke 
2010) or collective sensing (Blaschke et al. 2011). 
Although many regions of the world are characterized by a lack of available data, one may 
think of refining for example existing aggregated geospatial information related to earthquake 
risk such as global building inventories (Jaiswal et al. 2010) or regional census data using 
remote sensing data for spatial disaggregation (Setiadi et al. 2010) and enhancement also. 
Vulnerability is less static but rather highly varying over space and time. Many earthquake 
prone regions of the world show a high dynamic in terms of e.g. settlement development. 
Thus, up-to-date assessment, monitoring and modelling of the expectable timely 
developments of the elements exposed and their conditions is an essential task. 
We conclude the scientific recommendations with the observation that benchmarking of the 
manifold scientific contributions is largely absent. More research about research is mandatory 
to identify research gaps, promising solutions, dead ends or urgent needs for well-directed 
prioritization of future science (see also Taubenböck & Geiß 2012 for a comment).  
 
5.2 Synthesis from the quantitative analysis of literature  
 
Overall, the quantitative analysis of literature on remote sensing for earthquake risk analysis 
clearly reveals an academic void for vulnerability studies in the pre-event phase. The lion’s 
share of research studies on pre-event vulnerability have to deal with the constraint of small-
area coverage. From our point of view, highly detailed analysis on building level are essential 
to demonstrate the applicability of remote sensing generally, but the intrinsic advantage of the 
bird’s eye view of remote sensing is large-area coverage. The availability, costs, data handling 
and processing requirements especially of high resolution data represent nowadays a clear 
limitation regarding an area-wide deployment (Rathje & Adams 2008). Against this 
background it can be stated that still strong efforts have to be undertaken working towards an 
area-wide, detailed, and yet integrative derivation of earthquake risk parameters in an 
operational way 
Thus, we propose further research that explicitly addresses settlement scales on a coarser 
morphological level such as structure types that can be detected, characterized and assessed 
properly and cost-effective (see also Wyss 2012) when using remotely sensed data with 
geometric resolution characteristics that enable at the same time large-area coverage..  
Furthermore, future research has to be directed to vulnerability assessments beyond isolated, 
singular case studies. Thus, generic methodologies and frameworks are needed which allow 
for applicability (implying transferability) around the globe. However, adjustments due to 
local and cultural idiosyncrasies cannot be bypassed. As complexity and investment for 
vulnerability analysis on highest scale are significant, we propose to direct research to a 
coarser level of abstraction, but therefore allowing area-wide coverage in a standardised way  
and if favoured adjustment to highest spatial and thematic detail. This also goes along with 
the idea of the research initiative of GEM to provide data and methods – amongst other 
disciplines – to basically allow generating systematic and standardized results all across the 
world. In order to prioritize tasks and areas of interest, research has systematically to be 
directed to earthquake risk hot spots (Dilley et al. 2005) and subsequently hierarchically 
brought out on multiple spatial scales.  
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5.3 Future needs from a technical perspective  
From a technical perspective, the constantly increasing availability and accessibility of 
modern remote sensing technologies provides new opportunities for a wide range of 
applications. However, still today, one major constraint is data costs. These are often too high 
for large-area coverage, or if smaller areas are needed data costs often are beyond the 
willingness or capabilities of local authorities. While satellite data are relatively low priced, 
some applications need high repetition rates or three-dimensional analysis, where mostly 
airborne and thus cost-intensive remote sensing is required. Future spaceborne missions such 
as the Sentinel programme of the ESA (ESA 2011) intend to provide continuity and guarantee 
the availability of ERS, Envisat, and SPOT-like observations (Berger & Aschbacher 2012) to 
service providers and users since the technical lifetime of other missions will come to an end 
and in particular make data available free of charge.  
Amongst others, launched, planned or proposed missions such as TanDEM-X (global DEM 
data with a geometric resolution of ~12m and relative vertical accuracy of ±2m; López-
Dekker et al. 2011), ALOS-2 (L-band SAR system with a geometric resolution of 1-10m; 
JAXA 2011),  the RADARSAT constellation (planed as a medium resolution C-band mission 
it also includes high resolution modes at 3 and 5m which were primarily designed for disaster 
management; CSA 2012), DESDynI (L-band SAR with a geometric resolution of ~10m and a 
multiple beam LiDAR instrument with a geometric resolution of ~25m and 1m vertical 
accuracy; DESDynI 2011), CARTOSAT-3 (multispectral sensor with a geometric resolution 
of 0.25m panchromatic; Katti et al. 2007), ALOS-3 (optical sensor with a geometric 
resolution of 0.8m panchromatic and the capability to take stereo images with a swath of 
50km; Suzuki 2012), WorldView-3 (superspectral sensor with a geometric resolution of 
0.31m panchromatic; DigitalGlobe 2012) or EnMAP (hyperspectral sensor with a geometric 
resolution of 30m; Heldens et al. 2011) have the potential to play a key role in future 
earthquake research. Thereby, the tasking of satellites (constellations) becomes more 
important in order to be able to provide the right images at the right time with the appropriate 
geometric resolution (ESA II 2012).   
Furthermore, technical developments such as unmanned aerial vehicles may become a viable 
option especially for post-event rapid damage mapping (Bendea et al. 2008; Suzuki et al. 
2008). 
At the same time, the foreseeable increase of data volume will induce new challenges in terms 
of data storage, handling, mining and processing techniques. Investment in processing is still 
comparatively high due to mostly not fully automation of information generation procedures. 
During processing, adjustments are often needed due to e.g. different atmospheric conditions, 
land cover types, different user’s requirements or the algorithms are still in experimental 
status. Therefore robust methodologies are needed, as for example automated settlement 
detection approaches based on optical (Pesaresi & Gerhardinger 2011; Pesaresi et al. 2011) or 
SAR (Esch et al. 2010; Gamba et al. 2011) data, which build the basis for implementing fully 
automated processing chains reaching from data acquisition to user-ready products. In order 
to address the computational requirements of especially time critical applications the use of 
approaches such as high performance computing models (Plaza & Chang 2008) appears 
promising.  
We observe that regarding quality indicators the remote sensing literature predominantly 
focuses on accuracy assessment of the resulting product. However, this is not enough without 
a throughout discussion on performance analysis of the approach deployed with indicators 
such as degree of automation, level of semantic information derived, timeliness of product 
generation, robustness due to changes in input images or input parameters or economic 
viability considerations. 
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On the topic of risk assessment using remotely sensed data an unmanageable number of 
projects have been, are, or will be running. In general, reporting and thus information sharing 
is a critical problem that can be tackled with the possibilities to disseminate geospatial data 
and results through e.g. online solutions such as GeoNode (GeoNode 2012). Also virtual 
globes such as Google Earth allow visualizing and sharing data, analysis and results in an 
easily accessible way. 
Moreover, technological advancements in recent years have made it possible for Volunteer 
and Technical Communities (V&TCs) such as OpenStreetMap (Ramm et al. 2010), Ushahidi 
(Ushahidi 2012), CrisisMappers (CrisisMappers 2012), Virtual Disaster Viewer (VDV 2012), 
Google Map Maker (Google 2012), InSTEDD (InSTEDD 2012) and others to provide 
increasing support to disaster risk management and emergency response efforts with spatial 
knowledge. OpenStreetMap even coordinates a Humanitarian OSM Team (HOSMT 2012). 
Thereby, the principle of open data sharing is of crucial mutual benefit for participating 
parties and especially for the remote sensing community in support of non-duplicative 
classifications, target-oriented product derivation, post-classification product enhancement or 
the availability of validation data.   
However, regarding geodata, missing data documentation, standards such as proposed by the 
Open Geospatial Consortium (OGC 2012), compatibility or sharing of software is a not 
negligible problem. Generally, we experienced that municipalities/governments are working 
with different software environments and their individual definitions of describing the spatial 
domain. Feasible ways are possibly initiatives such as e.g. INSPIRE, which in that particular 
case aim at establishing an infrastructure for spatial information in Europe to support 
environmental policies on a community level, and policies or activities which may have an 
impact on the environment (INSPIRE 2012). To fully use and integrate the advantages of 
remote sensing products and enable comparisons, standards are required, on the data format, 
the land cover classes mapped, the spatial scales and units used, etc.  
 
5.4 The need for transdisciplinarity  
Especially the last paragraph includes the need for transdisciplinarity, since scientific results 
are valueless if they do not transform into practical value. In order to overcome the paradox of 
“knowing better and loosing even more” (White et al. 2001), the use of knowledge in hazard 
management has to be considered explicitly, whereby Fekete (2011) states that an assessment 
of the application of scientific results by the users should also be a critical part of research. 
In this manner, projects such as LinkER (LinkER 2012) explicitly support the implementation 
of operational service products in emergency response.  
In general, the authors experienced a knowledge gap between the stakeholder’s and the 
remote sensing community. The knowledge gap includes e.g. data availability, data costs, data 
requirements or operational procedures, capabilities of products and thus, the development of 
applying remote sensing to earthquake hazard and vulnerability assessment as well as post-
event capabilities. Comprehensive mapping of the user and stakeholder community, including 
consolidation of user demand, setting of precise pass/fail criteria on selected quality-of-
service parameters, and the specification of user requirements is necessary (ESA II 
2012). Cartographic representation turns out to be an important aspect for the acceptance of 
the derived indicators. Examples are WebGIS, easily available data and applications with the 
capability to visualize and calculate results specific to the individual needs of particular 
stakeholders.  
Another constraint is the difference between requirements and capabilities regarding accuracy 
of the respective products: the synoptic overview of remote sensing in the previous section 
shows area-wide and spatially highly detailed information extraction for various applications, 
but e.g. the accuracy of extracted pre-event vulnerability related information cannot compete 
with cadastral data sets. On the one hand accuracies of 80-90 % and sometimes even higher 
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provide an objective basis for decisions and should increase credibility of EO based solutions. 
On the other hand these earth observation products are not established at the current legal 
foundation and now need to find juristic acceptance.  
From a transdisciplinary perspective, the question arises to what extent the remote sensing 
community wants to engage for promotion of usage of its own data, results and products, or if 
this is to be seen as a political task. In any case, the promotion should be emphasized to e.g. 
major risk conferences such as the International Disaster and Risk Conference (IDRC) or 
major insurance industry conferences such as RIMS (RIMS 2012).    
The engagement for promotion has already been pushed by an ESA workshop (ESA II 2012), 
which brought together the earth observation service industry, scientists and insurance and 
reinsurance companies. It was initiated in order to identify needs and common aims for the 
future usage of remotely sensed data. Key findings address inter alia the demand for a 
consistent and systematic provision of data and derived products for the extent of coverages 
required (most likely from national to global coverage). Beyond this, the establishment of new 
business models (e.g. based on a market survey) for EO data and products are demanded in 
order to reduce, respectively share the cumulative costs for large area coverage and provide 
standardized delivery mechanisms dealing with barriers related to licensing, since there is a 
clear message that says that industry budgets are limited for EO-based information. Preferred 
solutions when it comes to information distribution are platforms such as PERILS (PERILS 
2012), which provide a single access point to data and information. 
 
5.5 The need for multidisciplinary  
The need for truly multidisciplinary research regarding natural hazards is often still little 
addressed (Fuchs et al. 2011). However, the integration of data, information, techniques, 
tools, perspectives, concepts and/or theories from two or more disciplines is not only 
promising to lead to new knowledge, but a must to tackle such multi-faceted problems of pre- 
and post-earthquake hazard and vulnerability analysis. As one example, the established 
service of earthquake loss estimates in near real-time allows specifying this need for 
multidisciplinary integration. 
Real-time estimates of damage to buildings are based on calculating the acceleration of 
ground motion in settlements near a reported earthquake and depend critically on accurate 
knowledge of hypocentre and magnitude. However, the highest uncertainties for real-time 
assessments of casualties depend mostly on too little knowledge on the basic structures of the 
affected buildings (Wyss et al. 2006). The example of the indirect correlations between the 
phenomenon of building stability and remotely sensed data (see 5.1), requires systematic 
evidence of dependencies. This can only be achieved with sufficient databases on 
georeferenced buildings and their structural vulnerability.   
The ways in which real-time loss estimates can be improved include the following. (1) 
Deepen the database on population and building stock (Wyss 2004) – a global requirement for 
social sciences, civil engineering, architecture, remote sensing, geography and beyond this, 
also governments. (2) Refine the earthquake source model used for strong motion calculations 
to allow extended sources of a length appropriate for the announced moment magnitude and 
(3) reduce the uncertainty in hypocentral depth estimates by a catalogue of regional most 
likely depths for the entire globe – requirements to geophysics, soil sciences and seismology. 
Finally, (4) educate local disaster managers on the benefits and limitations of international 
loss estimates in real time (ibid.) – requirements to capacity development and 
transdisciplinary communication. One may add that research on transferring damage 
assessment into economic losses is an obvious and necessary follow-up.   
As it becomes more and more understood and accepted that single disciplines are decreasingly 
able to progress individually we would like to emphasize this paradigm shift and propose the 
willingness for an open dialogue about expectations, requirements, best practice guidelines 
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(e.g. in form of white papers), capabilities and limitations beyond long-established 
communities. This could serve as a ground-breaking step to transfer remote sensing products 
into value-added products for the manifold players within the risk community.  
 
5.6 A political perspective  
Last but not least, from a political perspective, the societal loss of earthquakes is and will be 
enormous (see Introduction), e.g. expressed in financial loss the Haiti earthquake in 2010 was 
estimated to 7.8 billions US-dollars. Despite manifold scientific innovations the problem of 
earthquake prediction in a deterministic sense has not been solved yet (Zschau et al 2002).  
Thus, continuous promotion and financing of integrated research and innovative technologies 
for prevention and early warning measures is crucial. As already mentioned above, an 
integrated research programme on disaster risk reduction, integrated across the hazards, 
disciplines and geographical regions, is an imperative (ICSU 2011). Coordination between 
manifold funding agencies, streamlining of procedures and frameworks setting priorities 
based on political directions, scientific advice and user requirements need to be established to 
ensure non-duplicative projects, well-directed progress and implementation phases. Initiatives 
with a voluntary nature such as e.g. GEO (GEO 2011) may serve as valuable institutionalized 
platforms in order to achieve the mentioned goals, but are nowadays confined due to their 
restricted financial resources and limited commitment of members.  
A noble, but unrealistic goal would be the implementation of a general framework for a 
systematic global collection of all initiatives and projects, data, research results, information 
products, developed tools, participating stakeholders and a documentation of lessons learnt 
and best practice examples. A commendable example is demonstrated by the “Atlas of 
Vulnerability and Resilience Research”, which collects all research studies, theses, reports 
and even minor studies that deal with vulnerability and resilience in context of disasters for 
Germany, Austria and Switzerland (Fekete & Hufschmidt 2012).  
Along this, an improvement of operational interfaces, a networking platform to increase user 
involvement, foster discussions and collaborations among the manifold stakeholders along the 
chain of risk management is essential. A commendable, initial example of this proposition is 
for instance the above mentioned Understanding Risk Network (UR 2012). However, an 
institutional responsibility for these tasks is unclear, not to mention knowledge about general 
responsibilities at global to local levels.  
From a remote sensing perspective the ensuring of continuity of earth observation sensors and 
data availability and the subsequent derivation of precise, objective and reliable information is 
essential to promote sustainable development. As example, making use of remote sensing 
applications to track the temporal and spatial growth of urban areas as well as the changes of 
exposure of vulnerable elements is a crucial topic. Also, assisting institutions in rapid, precise, 
and objective assessments of impacts of earthquakes as a way to facilitate the delivery of 
humanitarian assistance to those communities affected by earthquakes is a necessary task.  
However, the main challenge within the field of disaster reduction is to change people’s 
perception so that they can recognize this notion of disasters as the outcome of a development 
process whereby societies have implicitly generated vulnerabilities and risks which become 
evident during the disaster (Villagrán de Léon 2006). With its fascinating images from above 
remote sensing is predestinated to reach the broad public. This can be the basis for raising 
awareness and creating consciousness of potentially affected people; this is a promising step 
for a major reduction of their personal vulnerability. The transparent communication of 
complex scientific results in an easy accessible environment and understandable language is 
of crucial importance, also when addressing stakeholders and politicians. However, it is clear 
that the step from scientific results to policy-making is challenging and often neglected, 
unfortunately from both sides. 
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Moreover, this review of the manifold different aspects – scientifically, technically, trans- and 
multi-disciplinary and politically – without claiming to be complete, is meant as contribution 
towards an open dialogue among all involved parties for promoting remote sensing 
capabilities to support sustainable development. 
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